J 



Europaisches Paten tarn t 
European Patent Office 
Office europeen des brevets 



(fj) Publication number: 0 613 025 A1 



EUROPEAN PATENT APPLICATION 



(ST) Application number: 94301218.7 



@) Int. CI. 5 : G01V1/38 



(22) Date of filing : 22.02.94 



(So) Priority : 23.02.93 NO 930641 

(43) Date of publication of application ; 
31.08.94 Bulletin 94/35 



(§4) Designated Contracting States : 
FR GB IT NL 



(R) Applicant : GECO A.S. 
Bjergstedveien 1 
N-4000 Stavanger (NO) 



(72) Inventor : El holm, Tor 
Granasen 51 C 
N-1347 Hosle (NO) 

(74) Representative : Robinson, John Stuart 
MARKS & CLERK, 
Alpha Tower, 
Suffolk Street Queensway 
Birmingham, B1 1TT (GB) 



(S) A device and method for positioning of towing systems for use in marine seismic surveys. 



(57) A positioning device for seismic equipment 
which is towed by a seismic vessel is designed 
with a body part which is equipped with wings 
(7) and rudders (8, 6, 9, 5). Actuators are pro- 
vided to position the wings (7) and rudders (8, 6, 
9, 5). The device further comprises a control 
unit for processing of signals which preferably 
operate exclusively on the basis of information 
from the device or the ship, instruments for use 
in the positioning of the device and a communi- 
cation system for the communication between 
the ship and the device and vice versa. It is 
further equipped with attachment devices (9), 
which are preferably provided at the front of the 
positioning device, and preferably in the vicinity 
of the wing's (7) attachment point to the de- 
vice's body part for attaching one or more 
cables (26) and floats. 



Fig. 2a. 
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The present invention is concerned with seismic 
surveys. More specifically it concerns a device for, 
and a method of towing a seismic tow, consisting of 
a gun array and seismic streamers. 

In marine seismic surveys, a ship is used which 
tows seismic sources and seismic streamers. The 
sources produce acoustic energy which is propagat- 
ed in the geological formations below the seabed 
where the survey is undertaken. The sound pulse or 
shock wave generated by the sources is reflected as 
acoustic waves. The seismic streamer consists of hy- 
drophones which detect the reflected acoustic waves, 
convert the signals to electrical pulses, and pass on 
this information to a data acquisition system on board 
the vessel. Further processing and analysis of the in- 
formation give an indication of the structure in the ge- 
ological formations in which the survey has been con- 
ducted. 

A seismic source consists of a number of individ- 
ual sound sources, e.g. airguns or waterguns. An ar- 
rangement of individual guns is usually called a gun 
array. Apart from the actual guns, a gun array also in- 
cludes attachment devices, air hoses, electrical wires 
and sensors. A gun array measures 10-30 metres in 
length. 

A seismic streamer, often called a hydrophone 
cable, consists mainly of hydrophones for the detec- 
tion of acoustic waves, electronic modules, electrical 
wires and sensors apart from the actual framework. 
Seismic streamers are divided into sections approxi- 
mately 100 metres in length, and have a total length 
of 2,000 - 6,000 metres. 

A seismic tow or a seismic towing system con- 
sists of seismic streamers and seismic sources. A 
common feature of these units is that they can be 
positioned astern of and to the side of the ship's line 
of travel. In addition they are submerged in the water, 
the gun arrays at a depth of 5-15 metres below the 
surface and the streamers at a depth of 5-40 metres. 

None of the above figures are absolute, and can, 
of course, vary outside those limits given here. 

Seismic towing systems are becoming progres- 
sively more complex, i.e. they are composed of more 
sources and streamers. Increasing demands are also 
being made on the efficiency of a towing system. The 
efficiency can usually be measured on the basis of 
the extent of coverage obtained by a seismic tow. The 
coverage will be dependent on the width of the tow. 
One of the factors to which particular importance is 
attached is the positioning of the seismic tow. The 
quality of the collected data is dependent on how ac- 
curately the towing system has been positioned. In 
this context the term "positioned" refers to how each 
unit in the towing system, i.e. sources and streamers, 
is positioned in relation to the other units and the ship 
in the longitudinal and width directions. 

One of the existing methods for positioning of 
seismic equipment which can be mentioned, is the 



use of otter-like devices with one or more foils. The 
otter is connected with a float on the surface, and by 
means of foils will guide a tow out to the side. There 
are several variations of the otter device. One known 

5 method is to have an individual foil or wing which can 
be mounted directly on to the streamer which is to be 
controlled. This type of otter device is also dependent 
on connection to a float on the surface. 

Another method is to use surface vessels which 

10 are provided in such a manner that the vessel is towed 
at an angle, thus achieving a lateral force. Examples 
of this type of vessel which can be envisaged are ves- 
sels which are equipped with a tilted keel, or tilted 
foils, thus enabling the surface vessel to move out to 

15 the side. 

The common feature of these methods and the 
equipment for obtaining a certain width for the towing 
system is that they all have a connection with the sur- 
face. This makes the vessels or floats particularly vul- 

20 nerable to flotsam. In the event of a collision between 
a vessel or float and some flotsam, the towing system 
or parts of it will often be damaged. In a collision with 
flotsam, the vessel could change direction, so that 
large sections of the towing system may be damaged 

25 or moved out of position. The same thing may happen 
if it comes into contact with fishing tackle or other 
equipment which may be in the location of the tow. 

Another problem is that surface vessels or floats 
cause a great deal of drag. Severe drag gives rise to 

30 two problems in particular; increased fuel expenses 
and increased difficulty in obtaining tow width. The 
same will apply to the actual connection consisting of 
wires, rope, chains or the like between the gun array 
and the surface vessel or float, and the connection 

35 between the cable and the surface vessel or the float. 

The fact that the gun arrays and the streamers 
are connected with the surface will cause waves to be 
generated. This gives rise to unwanted noise and vi- 
brations for the towed equipment. In some cases 

40 there may also be problems with maintaining the 
equipment at a constant depth, especially when the 
survey is being conducted in heavy seas. It may also 
be a problem to keep the equipment on the correct 
course, with the equipment usually drifting in step 

45 with the waves. 

It is obvious that the equipment is subject to a 
considerable degree of wear and tear and damage 
when it is exposed to those forces which are associ- 
ated with a connection with the surface. 

so According to a first aspect of the present inven- 

tion there is provided an apparatus for positioning 
seismic equipment as claimed in appended Claim 1. 

According to a second aspect of the present in- 
vention there is provided a method of positioning seis- 

55 mic equipment as claimed in appended Claim 10. 

According to a third aspect of the present inven- 
tion there is provided an apparatus for positioning 
seismic equipment as claimed in appended Claim 11 . 
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Preferred embodiments of the present invention 
are defined in the other appended claims. 

It is thus possible to reduce the drag in a seismic 
tow. Furthermore the omission of a float or surface 
vessel reduces the noise which results from the influ- 
ence of surface and wave noise on the equipment and 
may reduce wear and tear and damage to the towing 
system. 

It is further possible to increase the width or sep- 
aration of the equipment which is being towed in order 
thereby to increase the efficiency of the survey. It is 
also possible to reduce the likelihood of damage to 
the equipment from objects floating in the water. 

In one embodiment of the present invention, a de- 
vice, generally called a positioning unit or a vessel, 
comprises a body part to which are attached at least 
two fairly large wings with a balance rudder or a large 
wing called a main wing. At the rear of the body part 
there is located a rudder or tail rudder. Both wings and 
rudder are adjustable and are thus equipped with con- 
trol actuators. On the front part of the body there is 
provided a stabilizer rudder which can also be adjust- 
able. 

The interior of the positioning device may com- 
prise, among other things, a power receiver part and 
battery. Furthermore instruments in the form of an in- 
clinometer, a compass, pressure transmitters and pi- 
tot pressure transmitters may be located in a com- 
partment in the body part. Both these compartments, 
the compartment for instruments and the compart- 
ment where batteries are located, are watertight. 
Common components for the control actuators, in 
this case an hydraulic system, are located in a com- 
partment in the body part. Additionally the body of the 
positioning unit may have one or more ballast tanks 
or buoyancy tanks with associated air supply system, 
together with a compressed air compartment. 

The device may also be equipped with acoustic 
positioning equipment. This equipment consists of 
hydrophones and transducers which transmit and re- 
ceive sound in such a mannerthat it is possible to cal- 
culate the distance between the units in the towing 
system. 

Electrical cables are provided between the ship 
and the positioning unit. Communication to and from 
the vessel is conducted by transmitting electrical 
pulses, acoustic pulses or by another appropriate 
method for the transmission of information. 

The device may have a control unit for the control 
of information and controlling the actuators. 

Preferably at least one wing is provided with a 
buoyancy tank having an associated air supply sys- 
tem and valves. 

The device is used to position a seismic tow con- 
sisting of sources and/or streamers. By having the 
positioning device located in the water astern of the 
ship and together with the streamers and sources 
which have to be towed, the device is able to position 



the gun array or cables. Control signals are transmit- 
ted to the device via a central source or a computer 
programme on board the ship, and information from 
the various instruments is transmitted from the pos- 

5 itioning device to the ship. On the basis of given para- 
meters concerning depth, pressure, speed, separa- 
tion out to the side, etc., a computer programme is 
able to calculate which control signals should be 
transmitted to the device in order to guide it into the 

10 correct position. The calculation of the optimum pos- 
ition for the device may also be performed internally 
in the device. The position of the wings, tail rudder, 
stabilizer rudder and water level in the ballast tanks 
will ensure the correct adjustment of the positioning 

15 device at all times. The ballast tanks give the device 
a positive static buoyancy. This is essential in order 
to prevent the positioning device from sinking in the 
event of something unforseen happening such as the 
towing ship no longer moving forwards. 

20 The present invention will further be described, 

by way of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 shows a marine seismic survey system; 
Figure 2a is a side view of a positioning device 

25 constituting an embodiment of the present inven- 

tion; 

Figure 2b is a front view of the device shown in 
Figure 2a; 

Figure 2c is a plan view of the device shown in 
30 Figure 2a; 

Figure 3 is a sectional view of the device shown 
in Figures 2a-2c when viewed from above show- 
ing the internal arrangement thereof; 
Figure 4 is a side view of the device, and partic- 
35 ularly illustrates how the wings are arranged; 

Figure 5 illustrates a tow of a streamer, where the 
tow is viewed from above; 
Figure 6 illustrates a tow of a gun array or a 
streamer viewed from the side and positioned 
40 with a positioning device constituting an embodi- 

ment of the present invention; and 
Figure 7 illustrates a tow viewed from above, the 
tow being positioned by a positioning device con- 
stituting an embodiment of the present invention. 
45 Fig. 1 illustrates a known arrangement of a mar- 

ine seismic survey system. The drawing shows that 
in this case a ship is used which has a towing system 
or tow consisting of two streamers 2 and two sources 
1 , each consisting of three gun arrays. An otterboard 
so 3 with several foils produces the lateral force, thus 
causing the equipment to be pulled out to the side of 
the ship's line of travel. Due to the weight of the towed 
equipment and the otterboard, a float 4 is provided 
which is placed on the sea surface and keeps the 
55 whole system at a specific depth below the surface 
of the sea. 

Fig. 2 illustrates a positioning device constituting 
an embodiment of the invention. Fig. 2a is a side view 
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of the device. It comprises a body part 30, wings 7 
with balance rudder 8 and tail rudder 6. Fig. 2b is a 
front view of the positioning device, in which stabilizer 
rudders 9 are provided. In fig. 2c the stabiliser rud- 
ders 9 are illustrated even more clearly. A view from 
above also provides a picture of two other tail rudders 
or fins 5. A cable 26 is the cable or connection, which 
the device has with the towed equipment and/or with 
the ship. 

Fig. 3 shows an interior layout of the body 30 of 
the positioning device shown in Figure 2. The solution 
illustrated in the drawing is an example of how the 
body of the device is designed and arranged. The sol- 
ution is not intended to be restricted to this form and 
layout, thus enabling devices with different solutions 
to fall within the scope of the invention. 

In the device's forward and after ends there is 
provided acoustic positioning equipment 25. The pos- 
itioning equipment comprises transducers and hydro- 
phones, which transmit and receive sound. On this 
basis distances between the units in the towing 
equipment can be calculated. In addition to the posi- 
tioning equipment, instruments are provided in a wa- 
tertight compartment 19 for use in positioning the de- 
vice. The instruments involved are an inclinometer, a 
compass, static pressure transmitters, pitot pressure 
transmitters and other pressure transmitters. In addi- 
tion there are transmitters which can record angle de- 
flection on wings and rudders. There is an hydraulic 
system which operates the position of the adjustable 
parts of the device. Common components for the hy- 
draulic system such as pumps, oil, and control valves 
are located in a compartment 21. Actuators, such as 
pistons and cylinders 32 for the adjustment of the tail 
rudders 5 and 6 are also provided in compartment 21 . 
A power supply is required for the electrical compo- 
nents and systems within the device. The power sup- 
ply is partly transmitted from the towing cable directly 
to the electrical system, but batteries 20 are also pro- 
vided in a watertight compartment 31. The batteries 
are located in the device as a reserve and supplemen- 
tary power supply. 

There are two sizeable ballast tanks or buoyancy 
tanks 16 in the device. These take in water when the 
device is placed in the water. However, if extra buoy- 
ancy is required, these tanks 16 can be filled with air. 
The air is transported from the compressed air re- 
serve in a compartment 1 7 on board the device via air 
pipes to either the ballast tanks in the body part of the 
device or to the ballast or buoyancy tanks in the 
wings. A valve 18 is provided between the air supply 
to the wings and the air supply to the reserve tanks 
in the body part of the device. The wings are moved 
by two parallel piston and cylinder actuators 10. 
These are provided with the wing trunnion 12 illustrat- 
ed in Fig. 4. 

Fig. 4 also illustrates how each of the wings is 
provided with a buoyancy tank 11. An air pipe 13 is 



provided in order to supply air to the tanks, which are 
otherwise filled with water through open inlets 15. In 
order to be able to regulate the amount of air or water 
in the wing tanks, a valve 14 is located on the outside 

5 edge of the wings. The tip of the wing which has to 
regulate the buoyancy will always point upwards. The 
air, of course, will always be at the top of the tank. 
Thus no valve is required in order to close off the in- 
flow of water. The water flows in and out of the holes 

10 1 5, depending on how much air is blown into or re- 
leased from the tank in the wing. The balance rudders 
8 are regulated via piston and cylinder actuators 23. 
The actuators 23 are located inside the wings, closest 
to the body. A shaft 24 ensures that the force is trans- 

15 ferred to the balance rudders. 

The device is "open" to water, thus permitting the 
free flow of water in and out of the device, apart from 
the two watertight compartments which are designed 
for battery or power supply, and the compartment in 

20 which the instruments are located. The advantage of 
having a through-flow of water in the device is that the 
device can be made relatively light, a feature which 
is advantageous when the device has to be deployed 
into the water and recovered on to the ship's deck, but 

25 partially fills with water so as to reduce its buoyancy 
when in the sea. 

Hydraulic control is used for control of the mov- 
able wings and rudders of the device. An electrically 
operated pump generates oil pressure to operate the 

30 hydraulic actuators. A completely electrically operat- 
ed control system can be used. The power supply is 
by means of electrical cables from the ship. This is al- 
ready a tried and tested technique. Batteries are lo- 
cated in the device in order to cover an unexpected 

35 power requirement for a limited period. The batteries 
are charged from the power supply from the ship to 
the device. 

Even though the device is steered mainly from 
the ship's central control system, the device itself is 

40 able to adjust its course by means of its own control 
loops, on the basis of information from angle indica- 
tors, pressure transmitters, speed transmitters, 
depth gauges, positioning instruments and other in- 
struments installed in the device in order to provide 

45 as accurate positioning as possible. 

The device may be directly mounted on gun ar- 
rays or streamers, or it may cooperate with a float 
which has slightly less buoyancy than the weight of 
that which is to be towed from the float. It will there- 

50 fore be submerged in the water, but still take most of 
the weight from the towed equipment. An important 
purpose of this float is that it prevents vibrations and 
noise from the towing cables from propagating fur- 
ther to the streamers or gun arrays. The reason for 

55 this is that the submerged float will provide a change 
in impedance, thus causing the vibrations to be re- 
flected instead of being passed on to the towed equip- 
ment. 
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Figs. 5 and 6 illustrate a tow viewed from above 
in Fig. 5 and from the side in Fig. 6. The figures illus- 
trate how one possible application of the positioning 
unit is envisaged. In this case a submerged float 27 
is used as a junction for the towing cable to the ship, 
the towing cable to the actual hydrophone cable, and 
the towing point to the positioning device which pulls 
the whole system out to the side. 

Figure 7 is an example of a tow viewed from 
above, where an underwater float is not used, but the 
positioning device is connected directly to the equip- 
ment which has to be towed and pulled out to the side. 



Claims 

1. A positioning device for positioning seismic 
equipment towed by a survey vessel, character- 
ised by comprising a body part (30) carrying at 
least one wing (7) and a plurality of control sur- 
faces (5, 6, 8, 9), actuators (10, 23, 32) for con- 
trolling the positions of the at least one wing and 
the control surfaces, control means for control- 
ling the actuators, position determining means 
for determining the position of the device, com- 
munication means for communication between 
the positioning device and the survey vessel, and 
an attachment device for a cable. 

2. A positioning device as claimed in Claim 1 , char- 
acterised in that the attachment device is located 
in the vicinity of a region of attachment between 
the body part (30) and the at least one wing (7). 

3. A positioning device as claimed in Claim 1 or 2, 
characterized in that the body part (30) has at 
least one watertight compartment (19) for hous- 
ing at least the position determining means and 
perforated regions to enable water to flow in and 
out of the perforated regions. 

4. A positioning device as claimed in any one of the 
preceding claims, characterized in that the at 
least one wing defines a chamber (8) therein 
open to the flow of water in a part of the wing (7) 
adjacent the body part (30). 

5. A positioning device as claimed in any one of the 
preceding claims characterized in that the at least 
one wing (7) is carried on a forward portion of the 
body part (30), and the control surfaces are car- 
ried at the front and/or at the rear of the device, 
at least one control surface being provided in the 
vertical plane and at least one control surface be- 
ing provided in the horizontal plane. 

6. A positioning device as claimed in any one of the 
preceding claims characterized by at least one 



buoyancy tank (16) with associated air supply 
system and valves, the air supply to the at least 
one buoyancy tank being provided by a com- 
pressed air tank in the device, and conveyed to 
5 the at least one buoyancy tank via a pipe system. 

7. A device as claimed in any one of the preceding 
claims characterized in that the at least one wing 
has at least one balance rudder in the outer edge 

10 of the or each wing. 

8. A device as claimed in Claim 4, characterized in 
that the chamber is a buoyancy tank with a con- 
trol valve located in the outer edge of the wing. 

15 

9. A device as claimed in any one of the preceding 
claims characterized in that the control means 
transmits and receives information between the 
vessel and the device. 

20 

10. A method for positioning of seismic equipment 
which is towed behind a vessel by means of a de- 
vice as described in Claims 1 to 9, characterized 
in that the device is attached to the front part of 

25 the towing cable and positioned at a desired pos- 

ition on the basis of control signals calculated by 
the device itself orfrom a positioning programme 
on board the ship. 

30 11. Adevice towed by a seismic vessel for positioning 
of seismic equipment which is towed by a seismic 
vessel, characterized in that the device has 

a body part equipped with wings and rud- 
ders, 

35 a control body, preferably hydraulic or 

electrical for the control of wings and rudders, 

a control unit for processing of signals 
which preferably operate exclusively on the basis 
of information from the vessel, orfrom informa- 
40 tion from the ship, 

instruments for use in the positioning of 
the device, 

a communication system for communica- 
tion between the vessel and the device and vice 
45 versa, preferably electrical, acoustic or optical, 

an attachment device for one or more 
cables and floats, which are preferably provided 
at the front of the device, and preferably in the vi- 
cinity of the wing's attachment point to the de- 
50 vice's body part, 

a power supply system. 
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